Background Increased cardiac insulin-like growth factor (IGF)-I production is associated with physiological cardiac hypertrophy in athletes, and IGF-I has been recognized as a cardioprotective agent in experimental animal studies. On the other hand, acromegaly which is characterized by an excess of IGF-I has been linked to impaired cardiac function.
Methods and Results
Both the relationship between the serum levels of IGF-I and brain natriuretic peptide (BNP), which is released from the cardiac ventricles in response to ventricular stress, and that between IGF-I and the concentrations of the plasma amino-terminal propeptide of procollagen type III (P-III-P), which is associated with myocardial fibrosis, were evaluated in 19 patients after surgical treatment for acromegaly. Echocardiography revealed that left ventricular systolic function and dimensions were within normal range in all patients. Significant inverse correlations were found between IGF-I and the BNP (r=-0.5, p=0.02) and P-III-P levels (r=-0.62, p=0.005). Conclusion We observed an inverse significant relationship between IGF-I and both the BNP and P-III-P value in surgically treated acromegaly patients. These observations suggest that appropriate levels of IGF-I have beneficial cardioprotective effects after surgery in patients with acromegaly. PWd + LVDD) 3 -LVDD 3 }-13.6 g. LV hypertrophy (LVH) was diagnosed when LVM, indexed for the body surface area (LVMI), was ≥135 g/m 2 in males and ≥110 g/m 2 in females. All data are expressed as mean ± SEM. Normality of distribution of the values of different variables was assessed by the 1-sample Kolmogorov-Smirnov test. All variables were normally distributed. Correlations between the values of continuous variables were performed using the Pearson correlation coefficient. Statistical significance was assumed at a 2-tailed level of p<0.05. Table 1 shows the baseline characteristics of our study population. The mean age at the onset of the disease was 40±3.0 years. The mean estimated disease duration before and after surgery was 8.7±1.9 and 13.6±1.9 years, respectively. Echocardiography revealed that LV systolic function and dimensions were within the normal range in all patients. Five patients (26%) had LVH defined by LVMI. No patient showed symptoms of heart failure or a past history of congestive heart failure.
Results
The mean serum concentration of BNP, IGF-I and P-III-P was 32.4±6.6 pg/ml, 198.7±21.7 ng/ml, and 0.73±0.03 U/ml, respectively. As shown in Fig 1, there was an inverse significant correlation of moderate strength between the levels of IGF-I and BNP (r=-0.5, p=0.02). We also found an inverse, significant, strong correlation between the IGF-I and P-III-P levels (r=-0.62, p=0.005). The correlation of age to BNP, IGF-I, and P-III-P was r=0.3 (p=0.22), r=-0.3 (p= 0.15), and r=0.4 (p=0.08), respectively. After adjustment for age, the inverse correlation between IGF-I and P-III-P remained significant and of moderate power (r=-0.47, p=0.04), whereas the correlation between IGF-I and BNP became of borderline significance (r=-0.42, p=0.08). However, in terms of the moderate power of the correlation coefficient (ie, 18% of the total variance of BNP values can be explained by changes in IGF-I level), this result remains important, irrespective of the borderline statistical significance, because of the high possibility of getting significant results on studying a larger sample size. Echocardiographic parameters, such as left atrial diameter, LV dimensions, LV thickness, and ejection fraction had weak non-significant correlations with IGF-I (r=0.1-0.2, p=0.15-0.3). Similarly, both BNP and the ejection fraction had weak non-significant correlations with the postoperative duration of disease (r=0.1, p=0.15 and r=0.2, p=0.2, respectively).
Discussion
The principal finding of this study is that BNP and IGF-I had an inverse relationship in patients treated surgically with acromegaly without impaired systolic function. Furthermore, our results revealed that the IGF-I level negatively correlated with the P-III-P value.
Acromegaly is characterized by an excess of both GH and IGF-I. 3 The serum level of IGF-I has little circadian rhythm, reflecting the biological activity of GH secretion, and the specific receptors for IGF-I in the heart promote cardiac remodeling. Circulating IGF-I is mainly synthesized in the liver, but recently it was suggested that IGF-I is produced in other tissues, including the heart. 7 The role of the GH -IGF-I system in heart failure is equivocal. Clinical studies have shown that the serum IGF-I level is inversely related to congestive heart failure and ischemic heart disease. 8, 9 Both cardiac and circulating IGF-I are associated with physiological cardiac hypertrophy in athletes. 10, 11 Transgenic mice overexpressing the IGF-I receptor in the heart display physiological cardiac hypertrophy, and in an experimental model of heart failure the GH -IGF-I axis has a beneficial effect. 1, 12, 13 At the transcriptional level, it has been reported that IGF-I-mediated cardiac hypertrophy is distinct from that induced by pathological stress, such as pressure overload. 2 Those results indicate that the IGF-I is a potential therapeutic option for the treatment of heart failure; however, clinical trials have questioned this. Recently, Shiojima et al reported elegant findings regarding the role of Akt, which is a well-known main downstream target of IGF-I; cardiac-specific inducible Akt transgenic mice developed adaptive or physiological hypertrophy following short-term transgene induction, but exhibited pathological hypertrophy and cardiomyopathy with longer periods of transgene induction, 14 which suggests that an appropriate IGF-I level is mandatory for its beneficial effects. Abe et al reported that IGF-I production in the heart, but not the plasma total IGF-I level, was increased in patients with LV dysfunction and advanced heart failure, and positively correlated with the plasma BNP level. 15 Their results indicate that the local cardiac IGF-I system is upregulated with the progression of LV dysfunction. In contrast, although cardiac hypertrophy defined by LVMI existed in 26% of the present patients, neither ventricular dilation nor symptoms of heart failure were detected. All patients had been treated surgically and the IGF-I level was not extremely high. Thus, taken together with the previous reports, our results imply that an adequate level and duration of rise of IGF-I may have beneficial effects on the myocardium in humans without impaired systolic function, and that it exhibits an inverse relationship with the level of BNP.
The inverse correlation of IGF-I and P-III-P may be explained by the inverse relationship between IGF-I and BNP. BNP is released from the cardiac ventricles in response to ventricular stress, whereas myocardial fibrosis would progress with increased wall stress. 16 The circulating level of P-III-P reflects tissue fibrosis. 6 Thus, these findings suggest that an adequate level of IGF-I would decrease LV wall stress, resulting in suppression of myocardial fibrosis.
Acromegalic cardiomyopathy has different characteristics in relation to the clinical stage of acromegaly. 4 In the early stage, cardiac contractility increases and there is a higher cardiac output. In the middle stage, concentric myocardial hypertrophy with interstitial fibrosis predominates. Finally, ventricular dilatation with impaired cardiac performance develops. The duration and activity of the disease determine the cardiac involvement in acromegaly. 17 Interestingly, the acromegalic heart shares very few features with other models of heart failure before the transition from adaptive/ physiological cardiac growth to maladaptive translates into heart failure. 4 In the experimental study of Delaughter et al, 18 it was shown that local IGF-I expression induces physiologic, then pathologic, cardiac hypertrophy in transgenic mice. Those findings may denote that in the early phase of the natural progression of acromegaly, salutary cardiac remodeling and/or physiological hypertrophy could occur and therefore the present patients may have been in that phase.
GH deficiency (GHD) is known to induce abnormalities of cardiac structure and function, and replacement therapy may have beneficial effects. 19 Wallaschofski et al reported that GH replacement therapy decreased BNP levels, associated with an improvement of heart failure status in patients with GHD and increased baseline BNP levels. 20 As we did not determine GHD status in the study patients, we cannot exclude that some patients had GHD, which might affect our results.
Study Limitations
These should be considered in the interpretation of our results, such as the small sample size. In addition, the values of BNP and P-III-P were assayed only at a single time point. Therefore, our results should be confirmed in a larger prospective trial. In addition, further study is needed to determine the optimal IGF-I level for the beneficial effect on the myocardium.
In conclusion, we observed an inverse significant relationship between IGF-I and both the BNP and P-III-P value in surgically treated acromegaly patients. There is increasing evidence that IGF-I could be cardioprotective and the present findings indicate potentially important implications for the role of IGF-I in the heart.
